
d 

EXTINGUISHMENT STUDIES OF HYDRAZINE AND 
UNSYMMETRICAL-DIHYLHYDRAZINE FIRES* 

i 

\ 

t 

I 

I 

Wilburt Haggerty, Michael Harkels, Jr., and Raymond Friedman 

Atlantic Research Corporation, Alexandria, Virginia 

I. INTRODUCTION 

The employment of new high-performance liquid propellants has resulted in new 
problems of fire protection for personnel and facilities in the vicinity in which 
these chemicals are stored, handled, or used. By their very nature these pro- 
pellants are reactive. Toxicity of the fuels or their combustion products may 
exist. Hany of the fuel and oxidizer combinations are hypergolic, requiring no 
outside ignition source to start a fire. 
as monopropellants without an outside oxidizer, making a particularly difficult 
extinguishment problem. 
variety of situations or geometries. 
and explosion events. Yet, if these propellants are to be used, some form of fire 
prct,xtion must be provided. 

In other cases, these materials may burn 

The materials under discussion may be used in a wide 
This produces a wide variety of possible fire 

This investigation was undertaken to determine the materials and techniques 
necessary for the extinguishment and control of fires involving two of these new 
propellants, hydrazine and unsymmetrical-dimethylhydrazine. 
these fuels are shown: 

Some properties of 

Flammehility 
Boiling Flash Point Fire Limits in Air 
Point Density (closed cup) Point LaJer 

Fuel Formula ( O F )  (amslcc) (OF) ( O F )  (vol Per cent1 

Hydrazine N2H4 236 1.008 104 126 4.7 100 

UDMH (CH3l2N2H2 146 0.786 34 (?) 5 2.5 95 

The program also included studies of the 50-50 mixture of these fuels, the fuel 
JP-X (a solution of UDMH in JP-4. a petroleum fuel), and fires involving all these 
fuels in contact with nitrogen tetroxide in either liquid or vapor form. 
paper is limited to a summary of data for the hydrazine or UDMH and air combinations. 
Further details including results from the other combinations, are available from 
the progress reports (1). 

This 

While the primary objective of the investigation was to determine the require- 
ment,% for fire protection systems capable of coping with fires involving these 
propellants, an important by-product was the development of basic knowledge in the 
use of small models for fire-extinguishment research. 
results of this investigation to fire-extinguishment practice depends, in part, 

Since the application of the 
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124. 
upon being ab le  t o  extrapolate  laboratory r e s u l t s  t o  very la rge  f i r e s ,  t h e  appropriate  
sca l ing  f a c t o r s  must be w e l l  known. 
by which var ious agents ext inguish f i r e s  and t h e  e f f e c t s  of  agent-application para- 
meters,  f i r e  geometries, and f i r e  s i z e  on the extinguishing c a p a b i l i t i e s  of  the 
various agents.  

This involves determination of t h e  mechanisms 

The experimental approach involved three f i r e  s izes .  The smallest  test, 6.54-eq 
in ,  were conducted i n  a laboratory hood; providing an extensive amount of  d a t a  t o  
screen candidate agents,  determine t h e  mechanisms o f  extingufshment, and the optimum 
methods and s a t e s  of appl icat ion.  
s t a i n l e s s - s t e e l  p a n  which could be heated t o  maintain the  f u e l  a t  a temperature above 
i t s  f i r e  point .  A 314-inch freeboard on t h e  aides of t h e  pan reduced splarhfng and 
f u e l  sp i l lage .  Any propel lant  s p i l l a g e  or excess ext inguishing agent was caught in 
the  s t a i n l e s s  steel t ray ou the s i d e s  of the pan. 
t h e  updraf t  caused by t h e  f i r e  and t o  prevent these  updraf ts  from cooling the aides  
of t h e  burner. 

The burner shown in Figure 1, was 8 square 

This t r a y  also served to reduce 

To evaluate  an ext inguishing agent ,  0.6 to  2.4 cubic inches of fuel (corree- 
ponding t o  about 0.1 to  0.4 inches depth) were placed in the  burner, allowed t o  
reach t h e  desired temperature, and ignited by means of a h o t  w i r e .  After  a se lec ted  
preburn t i m e ,  u s u a l l y  10 seconds, the agent w a s  d i rec ted  onto t h e  f i r e .  The length 
of time required for  extinguishment, the amount of agent required, and t h e  amount of 
propel lan t  remaining unburned w e r e  determined a s  a function of agent, rate of  appl i -  
ca t ion ,  appl ica t ion  technique, and propel lan t .  

The la rger  pans, 49-and 324-sq in. were i d e n t i c a l  in geometry t o  t h e  smallest 
pans and were used t o  determine t h e  sca l ing  f a c t o r s  necessary f o r  extrapolat ion of 
t h e  r e s u l t s  t o  s t i l l  l a r g e r  f i r e s .  
in Figure 2. 
around the  f a c i l i t y  t o  minimize t h e  e f f e c t s .  of v a r i a b l e  winds. 

, 

They were located in t h e  outdoor f a c i l i t y  shown 
After the photograph w a s  taken, an eight-foot-high windbreak w a s  b u i l t  

I n  s p i t e  of a l l  precaut ions,  a s u b s t a n t i a l  v a r i a b i l i t y  i n  t h e  r e s u l t s  of  con- 
secut ive  tests w a s  found. This seems t o  be c h a r a c t e r i s t i c  of  pan f i r e  extinguishmeat 
t e s t s .  
i d e n t i c a l  tests were used t o  compute each datum point  p lo t ted  on the curves which 
follow. A t o t a l  of  994 test fires were burned t o  o b t a i n . t h e  r e s u l t s  discussed h e r d n .  

Hence a large number of tests were made, and averages of  a eerfee of 

11. EXPWMEKTAL RESULTS 

A. BURNING BATES OF EYDEAZINE AND UDMH 

Burning r a t e s  of hydrazine and UDMH w e r e  found from burning time vs. fuel depth 
curves f o r  a series of square pans: 

- Fuel 

Hydrazine 
mMli 

Pan Area (sq in) 

/' 

.i 

1 
I 

4 

4 
/ 

1 

Hydrazine is seen t o  buin an order  of  magnitude f a s t e r  than UDHII. 
t o  t h e  a b i l i t y  of hydrazine t o  burn l i k e  a monopropellant; a decomposition flame 
not requir ing oxygen exists c l o s e  t o  the l iqu id  surface.  The hydrogen produced by 
t h i s  flame then bums with a i r  as a d i f f u s i o n  flame. Addition of water t o  t h e  
hydrazine reduces i ts  burning r a t e  s u b s t a n t i a l l y .  

This is aecribed 

The slower-burning VDMH has  a burning rate of the same magnitude as ethanol  or 
gasol ine,  so a decomposition flame is evident ly  n o t  present. 

. .. ., 
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Figure 1. Burner Apparatus with Spray Nozzle. 
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The va r i a t ion  wi th  pan s i z e  fo r  both fue ls .  is expl icable  on a hea t - t ransfer  
bas i s  (2,3) and w i l l  not be discussed here.  

B. EXTINGUISHMENT OF HYDRAZINE FIRES 

1. Water Sprays 

The mechanism by which water sprays extinguish hydrazine f i r e s  appears t o  be  
d i l u t i o n  of t h e  hydrazine t o  a concentration which w i l l  no t  support  combustion. As 
shown i n  Figure 3, when water w a s  applied to  6 . 5 ,  497  and 324-sq in h draz ine  f i r e s  

hydrazine concentration a f t e r  extinguishment ind ica ted  a d i l u t i o n  t o  40-70 weight 
per cent .  The res idue  remaining a f t e r  extinguishment of t he  l a rge r  f i r e s  w a s  more 
d i l u t e  than those from t h e  smaller f i r e s .  
r ad ia t ed  to  the  l i qu id  and therefore  t h e  l i q u i d  temperature w a s  higher.  This  meant 
t h a t  more d i l u t e  so lu t ions  supported combustion. The concentration of hydrazine in 
the  res idue  remaining a f t e r  extinguishment w a s  found t o  decrease  as t h e  depth of 
t h e  f u e l  was decreased. 
water spray ra te  i n  Figure 3. Since water and hydrazine have approximately the  same 
d e n s i t i e s  concentration gradien ts  are e a s i l y  es tab l i shed .  nixing depends mostly 
on the  force  with which the  water spray impinges on t he  su r face  and t h e  depth of  
the  pool. Both e f f e c t s  are respons ib le  fo r  t h e  decrease in t h e  concentration of 
hydrazine in t he  res idue  as t h e  normalized spray rate w a s  increased  as s h a m  in 
Figure 3. 

a t  rates of  0.01 t o  0.33 ga l  water/sec g a l  of  f u e l  (0.2 t o  1.2 gpm/ft 3 ), t he  

In t h e  l a rge r  f i r e s ,  more heat w a s  

Decreasing depth is ind ica ted  by increas ing  normalized 

Since t h e  mechanism o f  extinguishment is pr imar i ly  one of d i lu t ion ,  in an 
idea l ized  case  t h e  t i m e  t h a t  spray must be appl ied  t o  cause exti'nguishment should 
be d i r e c t l y  propor t iona l  t o  t h e  amount of  f u e l  present  and inverse ly  propor t iona l  
t o  the  rate of appl ica t ion  of spray. However, t h e  s impl i c i ty  of t h e  d i l u t i o n  
mechanism is complicated by the  following f ac to r s :  

I) As t h e  f i r e  progresses,  some of t h e  f u e l  is consumed, leav ing  
only the  remainder t o  be  d i lu t ed .  

2 )  Some of the water which does reach t h e  burning l i q u i d  is la ter  
vaporized. 

3) Some of t he  water is vaporized in t h e  flame and never reaches 
t h e  burning l i qu id .  

4) Mixing rate of t h e  water and f u e l  is no t  instantaneous.  

Because of  t he  above f ac to r s ,  t he  length of t i m e  t h a t  spray must be  applied is 
not simply propor t iona l  t o  the  volume of  f u e l  o r  t h e  inve r se  spray rate. However, 
as shown i n  Figure 4, t he  da t a  may be co r re l a t ed  by p l o t t i n g  t h e  logarithm of t h e  
extinguishment t i m e  versus  t h e  logarithm of a normalized ra te  of app l i ca t ion  of 
spray (ga l  water/sec ga l  of fue l ) .  I n  view of t h e  above complicating f ac to r s ,  t he  
f a c t  t h a t  even an empirical  c o r r e l a t i o n  can be obtained is indeed fo r tu i tous .  The 
s lopes  and in t e rcep t s  of the  curves would be expected t o  be complex functions of 
thg proper t ies  of t he  fue l ,  pan s i z e ,  and agent.  The mafn conclusion from the  curvea 
is t h a t  l a rger  f i r e s  r equ i r e  a longer app l i ca t ion  of  spray before  extinguishment 
ockurs, fo r  t he  same normalized spray rate, but t h a t  t h e  increased t i m e  is s l i g h t  
when compared t o  the  increased f i r e  s i ze .  

The percentage of  o r i g i n a l  f u e l  remaining a f t e r  extinguishment, an expression 
of the  e f f ic iency .  i s  presented i n  Figure 5 as a function of t h e  rate of app l i ca t ion  
of water.  As can be  seen, f a s t e r  rates of app l i ca t ion  are more e f f i c i e n t  on t h i s  
b a s i s  than slower opes, and deeper pools of f u e l  are more e f f i c i e n t l y  extinguished 
t h a n  shallow ones. 
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Because d i l u t i o n  is the  mechanism by which water sprays extinguish hydrazine 

f i r e s ,  the major sca l ing  f a c t o r  f o r  extinguishment is a function of  the  amount of 
f u e l  present  and is not  a func t ion  of diameter,  per 86. However, spray r a t e ,  l iquid 
depth,  and f i r e  diameter do inf luence  scale-up s l i g h t l y .  Since d i l u t i o n  t o  50 
weight p e r  cent concentration appears t o  be adequate, the amount of  water required 
f o r  extinguishment would be about one gal lon per  gal lon of fuel .  
f u e l  o r  v e r t i c a l  concentration gradien ts  would reduce t h e  amount required.  
verse ly ,  any vaporizat ion of water i n  the flame would increase  the  amount of water 
required . 

Any consumption of 
Con- 

- 
The weight average p a r t i c l e  s ize .  D,, of t h e  spray used on each f i r e  s i z e  

w a s  : - 
Pan S i z e  DW 

sq in microns 

6.5 
49 

324 

160 
245 
290 

2. Fog 

Measurements w i t h  the 6.5-sq i n  burner indicated t h a t  w a t e r  fog w a s  l e s e  effec-  
t i v e  than coarse w a t e r  sprays a g a i n s t  hydrazine f i r e s .  Since the  concentration8 
remaining a f t e r  extinguishment w e r e  comparable, the  lower ef f ic iency  vas probably due 
t o  increased vaporization of the  f i n e  d r o p l e t s  in t h e  flame. 
aga ins t  49-sq in f i r e s  than a g a i n s t  6.5-sq i n  f i r e s ,  again because of vaporizat ioa in  
the  flame, preventing l iqu id  d i l u t i o n .  The f a c t  t h a t  as much as 1.5 gal lons of  w a t e r  
p e r  gal lon of f u e l  o r i g i n a l l y  present  were required f o r  extinguishment, i n  comparison 
to  1.0 ga l /ga l  f o r  spray, i n d i c a t e s  the  magnitude of  t h e  vaporizat ion,  espec ia l ly  
s i n c e  most of  the  f u e l  o r i g i n a l l y  present  w a s  consumed in t h e  f i r e .  

Fog w a s  less e f f e c t i v e  

Fog is not a good ext inguishing agent  f o r  hydrazine f i r e s  and would probably 
f a i l  t o  ext inguish very l a r g e  f i r e s .  

3. Foam 
* 

The mechanism by which foam ext inguishes  hydrazine f i r e s  appears t o  be d i l u t i o n  
of the  sur face  of the burning l i q u i d  below t h e  concentrat ion vhich supports combustion. 
Since t h e  hydrazine causes t h e  foam t o  break d m  rapidly,  a sur face  layer  of water 
is b u i l t  up over the  fue l .  
t a c t s  f r e s h  hydrazine f u r t h e r  out  on t h e  burning pool. 
e n t i r e  surface,  t h e  f i r e  is extinguished. 

The foam on top of the  w a t e r  f i lm is s t a b l e  u n t i l  i t  con- 
When t h e  foam blankets  t h e  

A8 shown in Figure 6 ,  the  amount of  foam required f o r  extinguishment is a function 
of appl ica t ion  rate, depth of l i q u i d  f u e l ,  and s i z e  of t h e  f i r e .  Fas te r  rates of 
appl ica t ion  requi re  less  foam because t h e  foam has less t i m e  t o  break down and is 
therefore  a b l e  t o  blanket t h e  f i r e  more quickly.  
t o  ext inguish the  49-sq i n  f i r e s  wete about 10 seconds longer with 0.2 gpm/ft2 appl i -  
ca t ion  than with 0.32 gpm/ft2. 
sur face  a t  the  lower appl ica t ion  r a t e  permits more breakdown of t h e  foam, and there- 
f o r e  more foam is required.  

Figure 7 shows t h a t  tfmes required 

The slower r a t e  of t r a v e l  across  t h e  hydrazine 

The decrease in the amount of foam required p e r  gal lon of fuel f o r  deeper pools 
of hydrazine confirms t h e  mechanism of sur face  d i lu t ion .  
of hydrazine remaining a f t e r  extinguishment shown i n  Figure 8 a r e  decreased by the 

Although t h e  concentrations 

* 
A 6% alcohol-type foam was used a t  a 10 t o  1 expansion r a t i o ,  
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col lapse  of the foam blanket remaining after extinguishment, the  f a c t  t h a t  t h e  f i n a l  
hydrazine concentration may be as high a s  86 weight p e r  cent share t h a t  the concen- 
t r a t i o n  gradients  a r e  very steep. 

The mechanism of sur face  d i l u t i o n  suggests t h a t  sca l ing  fac tors  are s t rongly 
dependent on surface a rea  of t h e  f i r e  a s  w e l l  as l iquid depth and s t a b i l i t y  of  the 
foam. Any agi ta t ion  of t h e  f u e l  vould d i s t u r b  the concentration gradients  and render 
t h e  foam l e s s  e f fec t ive .  
applied a t  as f a s t  a rate a s  possible .  
uishing agent than water spray, the  ease of appl ica t ion  o f  water sprays and t h e  
required d i l u t i o n  below the  f i r e  po in t ,  which eliminates t h e  re igni t ion  hazard, make 
water sprays more a t t r a c t i v e  than foam. 

The foam should be d i s t r i b u t e d  evenly over t h e  surface and 
Although foam is a more e f f i c i e n t  exting- 

4. Dm Chemical 

A modified sodium bicarbonate  powder of  50 micron average p a r t i c l e  size was very 
e f f e c t i v e  in extinguishing f i r e s  involving hydrazine and a i r .  
when as l i t t l e  as 0.016 l b s / s e c / f t 2  w a s  appl ied,  the  f i r e s  were extinguished in l e s s  
than four seconds. The depth of burning l iqu id  had no observable e f f e c t ,  but com- 
p l e t e  coverage of the burning s u r f a c e  w a s  required before extinguishment occurred. 
This requirement is probably t h e  cause of the apparently anomalous r e s u l t s  in which 
more t h e  was required f o r  extinguishment a t  t h e  f a s t e r  rate. 
similar t o  those  obtained i n  t h e  6.5- and 324-sq in burners,  in which 0.016 lbs / sec / f t2  
extinguished the f i r e s  in less than  t h r e e  seconds. 
could be re igni ted  by t h e  hot  wi re  igniter. In prac t ice ,  therefore ,  some other  agent 
such a s  w a t e r  might have t o  b e  appl ied  in addi t ion  t o  t h e  dry chemical t o  prevent 
r e i g n i t i o n  a f t e r  extinguishment had been achieved. 

water spray at  a r a t e  of  0.6 gpm/ft2 shoved no improvement over water a s  an ex t in-  
guishing agent i n  the 6.5-sq i n  burner.  
has shown t h a t  extinguishment by dry chemical involves reac t ions  i n  t h e  flame. 

As seen in Figure 9 ,  

These r e s u l t s  are 

After extinguishment t h e  f i r e s  

A so lu t ion  of  8 per  cent  by weight sodium bicarbonate in water applied as a 

This is cons is ten t  with other  work which 

A potassium bicarbonate powder of  25 micron diameter w a s  as e f f e c t i v e  a s  the  sodium 
bicarbonate.  However, an ABC Type powder w a s  i n e f f e c t i v e  against  the  hydrazine f i r e s .  

Good r e s u l t s  
with t h i s  agent a r e  dependent on the  a b i l i t y  of t h e  extinguishing system t o  completely 
blanket  the  f i re  and thereby prevent flashover from r e i g n i t i n g  the extinguished areas. 
Dry chemicals a r e  a t t r a c t i v e  i n  t h a t  they can ext inguish the  f i r e e - i n  a comparatively 
shor t  t i m e  with t h e  minimum w e i g h t  of agent. 

Scale-up i n  dry chemical extinguishment is a function of f i r e  area. 

5. Chlorobrumomethane 

Chlorobrumomethane (CB) w a s  sprayed on hydrazine f i r e s  a t  a rate of 0.11 gpm/ft 
2 

through t h e  nozzles a l s o  used f o r  water spray. 
increas ing  the  i n t e n s i t y  of  t h e  f i r e  and producing dense white fumes. 
t inued t o  burn u n t i l  t h e  hydrazine w a s  consumed. 
guishing agent f o r  hydrazine f i r e s  under these conditions.  

The CB reacted with the  hydrazine, 

CB is  i n e f f e c t i v e  a s  an ext in-  
The f i r e s  con- 

6. Invest inat ion of Other Agents 

Several  screening t e s t s  w e r e  made t o  determine i f  chemicals other  than sodium 
bicarbonate  could i n h i b i t  t h e  combustion of hydrazine-type fue ls .  
capable of trapping the NHz* r a d i c a l  believed t o  be involved in t h e  combustion 
process,  t h i s  chemical w a s  the  f i r s t  t o  be invest igated.  When 2 weight per cent 
a n i l i n e  w a s  added t o  hydrazine, t h e  burning r a t e  of t h e  hydrazine w a s  reduced by 
only 10 per cent .  

Since a n i l i n e  i s  

Since the  a l k a l i  metal  bicarbonates in powder form were so 
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e f f e c t i v e  aga ins t  hydrazine f i r e s ,  o ther  metfaode of applying a l k a l i  metal salts vere  
invest igated,  A solut ion containing 8 per  cent by weight sodium bicarbonate showed 
no improvement over a p l a i n  water spray. Since potassium iodide is very soluble  i n  
hydrazine, a so lu t ion  containing 20 grams of  potassium iodide  per 100 grams of hydra- 
z ine w a 3  burned. The combustion w a s  slowed d m  considerably by t h e  formation of a 
molten s l a g  over t h e  burning l i q u i d ,  but  a l l  of  the  hydrazine was consumed. Addition 
of 10 weight per cent bor ic  a c i d ,  (a cons t i tuent  in some ABC povdets) had a s imi la r  
e f fec t .  
hydrazine and prevent combustion. However, a s i l i c o n e  oil added t o  burning hydrazine 
formed a f i lm on the surface,  b u t  d id  not extinguish t h e  flame. 

It was thousht t h a t  an i n e r t  l iqu id  might blanket the surface of burning 

C. EXTINGUISHMENT OF UDMB FIRES 

1. Water Sprays 

As was t h e  case with hydrazine f i r e s ,  the length of time t h a t  water sprays must 
be applied before a t i n y i s h m e n t  of  UDMtI f i r e s  occurs is a funct ion of the  amount of 
f u e l  present and the r a t e  of  appl ica t ion  of the  spray. This ind ica tes  t h a t  the  
mechanism of extinguishment of UDNH f i r e s  i s  a l s o  one of d i l u t i o n  of the  burning 
l iquid t o  a concentration whicfi w i l l  not support combustion. 
a longer appl ica t ion  of spray than d id  t h e  hydrazine f i r e s  because more d i l u t e  solu- 
tions o f  uDMH w i l l  support combustion and t h e  UDMK burns a t  a slower rate, thus con- 
suming f u e l  nore slowly. Figure 10 shows tha t  the f i r e s  ia the  6.5-, 49- and 324-sq 
i n  burners were extinguished when the  UDNH concentration was reduced t o  approximately 
30 weight per cent.  This f i n a l  concentrat ion vas the  same f o r  a l l  spray r a t e s ,  pan 
diameters,  and l iqu id  depths. Since water is more dense than UDhpi, it i s  believed 
t h a t  good mixing occurred as t h e  x a t e r  s e t t l e d  through t h e  TJDMB. 

The UDMH f i r e s  required 

As was t h e  case with t h e  hydrazine f i r e s ,  t h e  la rger  f i r e s  required a longer 
appl ica t ion  of spray before they were extinguished, c f .  Figure 11. Since the concen- 
t r a t i o n s  o f  UDMH remaining i n  t h e  res idue  a f t e r  extinguishment w e r e '  comparable 
regard less  of f i r e  s ize ,  increased vaporizat ion of the water drople t s  i n  t h e  la rger  
flames would appear t o  be t h e  cause of the  increased amount of  w a t e r  required for 
extinguishment. 

The percentage of mlMH remaining a f t e r  extinguishment as a function of spray r a t e  
i s  presznted i n  Figure 12. As can be seen, f a s t e r  spray r a t e s  are more e f f e c t i v e  for  
extinguiahicg 'JDHH f i r e s  than slower rates. There is l i t t l e  o r  no change i n  the  p e r -  
centage of f u e l  remaining a f t e r  extinguishment as t h e  depth of  UDMH is increased. 
This  ind ica tes  t h a t  a baafc d i f f e r e n c e  i n  extinguishment behavior arises from the more 
c m p l e t e  and rapid mixing of water with UDMi than v i t h  hydrazine. 

2.  Foq 

Fog cxxtinguished UDMH f i r e s  by t h e  same mechanism a s  water sprays, i.e., di lut ion.  
Fog applied af a rate of 0.2 gpm/ft2 aga ins t  the  49-sq i n  f i r e s  requlred 2.13 gal /gal  
of UDMH as  compared t o  1.46 g a l / g a l  of UDMH for  water spray a t  t h e  same ra te .  
does not seem as des i rab le  as water spray aga ins t  UDMH f i r e s ,  s ince  p a r t  of t h e  fog 
evaporates and is unable t o  d i l u t e  t h e  fuel .  

Fog 

3. P ~ , a m  

Although IYDMI caused t h e  alcohol- type foam t o  break dovn, i t  nevertheless  
extingtlished UDMK f i r e s .  'As w i t h  hydrazine,  t h e  mechanism of  extinguishment appears 
to b e  one of f l o a t i n g  water on top  of the  burning l iqu id  and d i l u t i n g  t h e  sur face  
below t h e  concentration which w i l l  support  combustion. 
appl ica t ion  of water, concentrat ion gradients  a r e  set up and t h e  average concentratioas 
o f  35-55 weight p e r  cent are w e l l  above t h e  minimum concentrations which support corn- 
bustion. Figure 13 i l l u s t r a t e s  t h i s .  As seen from F i m e  14, the  r e l a t i v e  amount of 

. Because t h i s  i s  a g e n t l e  

l i q u i d  required f o r  extinguishment decreases  as  the  f u e l  depth i s  increased because 
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of t h e  concentration gradien ts  mentioned above. 
creased by faster appl ica t ion  rates. 
the  amount of  foam required per ga l lon  o f  f u e l  a t  any given depth.  
f ac to r  would therefore  be a function of volume o f  fue l ,  depth of fue l ,  and -appli- 
ca t ion  r a t e .  

The e f fec t iveness  o,f foam is in- 
Increas ing  the  pan diameter d id  not increase  

The sca l ing  

A s  was  t h e  case  with hydrazine f i r e s ,  foam is a more e f f i c i e n t  method o f '  
However, i f  an adequate supply of  applying water t o  WMH f i r e s  than is spray. 

water is avai lab le ,  t h e  ease of app l i ca t ion  and t h e  f a s t e r  rates at  which it can 
be applied make water spray more a t t r a c t i v e .  

4 .  Dm Chemical 

Sodium bicarbonate powder r ap id ly  extinguished UDHH f i r e s .  When t h e  dry chemical 
was applied a t  rates of 0.0175 o r  0.0083 lb / sec / f t2  and when complete coverage of the 
sur face  was obtained, a l l  f i r e s  were extinguished i n  less than 5 . 2  seconds. F i r e  
size was  varied from 6 . 5 -  t o  324-sq i n  and depth of f u e l  from 0.093 t o  0.47 inch. 
I f  complete coverage w a s  no t  obtained, t h e  f i r e  flashed over t h e  su r face  when t h e  
flow o f  agent was stopped. 
r e ign i t ed  by a hot vire. 
extinguishment is important o r  when a minimum amount of  agent must be applied.  

AB w a s  t h e  case wi th  hydrazine, t he  f i r e  could be  
Dry chemical is p a r t i c u l a r l y  s u i t a b l e  when speed of 

5 .  Vaporizable Liquid Agents 

As shown below, trichlorotrifluoroethane extinguished 6.54-sq i n  UDlM f i r e s  
when applied a t  a rate of 0.5 gpm/ft2. 
extinguishment, but burned less in tense ly .  S ince  trichlorotrifluoroethane has a 
bo i l ing  point of 115.7OF, and t h e  f i r e  po in t  of  UDMH is 34'F, cooling of  the  UDMH 
does not appear t o  be a mechanism of  extinguishment. Although dense whi te  fumes 
were given o f f  when t h e  trichlorotrifluoroethane contacted t h e  burning UDHH, t he re  
was no increased i n t e n s i t y  of t h e  f i r e  such as occurred when chlorobromomethane 
was added t o  hydrazine. 
l imited access t o  t h e  f i r e  is avai lab le .  
than water spray o r  foam. 

The f i r e s  could be r e ign i t ed  a f t e r  

Trichlorotrifluoroethane might be use fu l  i n  loca t ions  where 
It appears t o  be somewhat more e f f e c t i v e  

Xxtinguishment of  UDHH F i r e s  by Trichlorotrifluoroethane: 

Liquid Depth Extinguishment Time Gallons of  Agent 
(inches) ( 8  econd 8 ) per Gallon o f  

UDm 
0.093 6.9 0.99 
0.186 6 . 7  0.48 
0.279 9 . 5  0.45 
0.372 2 4 . 0  0.86 

Notes: 

1. Application rate: 0.5 gpm/ft 
2 .  UDMH temperature: 80°F 
3 .  R e b u r n  time: 10 seconds 
4 .  F i r e  Size: 6 . 5  sq i n  

2 

D. ECTINGUISHPENT OF PZRES INVOLVING A MIXTURE OF HYDRAZINE AND UDHH 

Although an inves t iga t ion  of  f i r e s  involving a mixture of  50 p a r t s  each by 
weight hydrazine and UDMH is incomplete, enough da ta  have been obtained t o  ind ica t e  
t h a t  t h i s  mixture b e a v e s  very much l i k e  pure UDHH i n  regard t o  burning rate and 
quant i ty  of agents required for extinguishment. The reason is t h a t  t h e  vapor pres- 
su re  of  UDMI is much greater than that of  hydrazine, so t h a t  t h e  vapors above t h e  
mixture are e s s e n t i a l l y  UDMR. 



I n  addi t ion  t o  t h e  agents appl ied t o  UDME f i r e s ,  severa l  o t h e r  agents have 
been tes ted  aga ins t  small f i r e s  involving the  mixture. 
t r i f l u o r w e t h a n e  and carbon dioxide.  

These agents were bromo- 

2 2 

f a i l e d  t o  extinguish f i r e s  involving the 50-50 mixture I n  the 6.54-sq in burner .  
agent w a s  appl ied in gaseous form and directed on the  f i r e  both from above and from 
t h e  s ide.  
with other  methods of appl icat ion.  

Bromotrifluorwethane, when appl ied a t  a rate of 0.04 l b / s e c / f t  (0.18 g d f t  ) *  
The 

It did not  reac t  with t h e  burning fuel .  Further tests a r e  i n  progress, 

Carbon dioxide when appl ied at  a rate of 0.17 lb / sec / f t2  f a i l e d  t o  extinguish 
f i r e s  involving the 50-50 mixture i n  t h e  6.54-sq i n  burner.  
applied In t h e  gaseous form and no attempt was  made t o  d i r e c t  "COz e n d '  on t h e  
f i r e .  

The carbon dioxide was 

111. CONCLUSIONS 

Based on r e s u l t s  to d a t e  t h e  following cmclus ious  are drawn: 

1. Hydrazine f i r e s  can be  extinguished by water sprays,ualcohol-cype foams, 
o r  dry chemical powders containing pr imari ly  sodium bicarbonate. Water sprays a r e  
bes t  su i ted  f o r  sp i l l - type  f i r e s .  A t  l e a s t  one gal lon of water per gallon of  f u e l  
must reach the sur face  o f  the  burning l iquid.  Foams can b e  used for  deep pools o r  
i n  chases where t h e  water supply is limited. 
where rapid extinguishment I s  necessary o r  when t h e  mount  of agent ava i lab le  is 
l imited,  and where r e i g n i t i o n  is n o t  a problem. 
used aga ins t  hydrazine f i r e s .  

Dry chemicals should be  used In cases 

Chlorobromomethane should not  be 

2. ODM f i r e s  may be extinguished by w a t e r  sprays,  alcohol-type foams, d r y  
chemical powders containing pr imari ly  sodium bicarbonate,  o r  t r i c h l o r o t r i f l u o r o -  
ethane. Water sprays a r e  b e s t  s u i t e d  for  s p i l l - t y p e  o r  deep-pool f i r e s .  Dry 
chemicals a r e  e f fec t ive  when rapid extinguishment is necessary or when the  supply 
of agent is l imited,  and r e i g n i t i o n  is not a problem. 

3.  Fires  involving the 50-50 mixture of hydrazine and UDMH behave essent ia l ly  
a8 UDMH f i r e s .  
mixture as f o r  f i r e s  consis t ing of pure UDMH. 
carbon dioxide have extfnguished f i r e s  involving the 50-50 mixture, in tests to 
date.  

The same q u a n t i t i e s  of agents a r e  required for  f i r e s  involving the 
Neither bromotrifluoramethane nor 
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